The recent floods in Texas and in other parts of the southern United States after Hurricane Harvey have garnered international attention. At the same time, floods in India, Nepal, and Bangladesh have killed >1000 persons and significantly affected tens of millions. Floods are the most common natural disaster occurring worldwide [1] . In 2016, floods (excluding landslides) affected >74 million persons globally, resulted in 4720 deaths< and had an economic cost of >$57 billion. Of 161 significant flood disasters worldwide in 2016, 43% occurred in Asia, 23% in the Americas, and 12% in Europe [2] .
Floodwaters pose immediate dangers to human health, but also long-term effects resulting from displacement and worsened living conditions (see Table 1 ). The impact of flood disasters is expected to grow in the future owing to the effects of climate change and population shifts [3] . For example, in China, the number of elderly persons living in "rainstorm hazard areas" increased by 38 million between 1990 and 2010, greatly increasing the complexity of planning for future flood disasters [4] . The purpose of this review is to examine the health impacts of flood disasters, their management, and their prevention.
DROWNING AND OTHER ACUTE EVENTS
Drowning is the most frequent immediate cause of death soon after the onset of flooding [1] . The risk of death is dependent on the speed of onset of flooding, with flash flooding more hazardous than floods with more gradual onset. In developed countries, men are overrepresented among flood fatalities, potentially representing risk-taking behavior. In 1 2017 analysis, drivers and passengers in vehicles were commonly implicated in fatalities [5] . In the United States in 2016, drivers or passengers of vehicles accounted for 46% of flood-related fatalities [6] .
Other acute events include orthopedic injuries and lacerations, hypothermia, electrocution, and even burns from flammable, low-density liquids spreading across the surface of floodwaters [1] . Carbon monoxide poisoning from unventilated electrical generators or cooking implements is surprisingly common after floods [7] .
NONCOMMUNICABLE DISEASES
Flood disasters have a significant impact on chronic health conditions, with medication noncompliance due to nonavailability, difficulties with access to health services, and the physical workload associated with clean-up and reconstruction being significant issues [8] . The reported impact of any interruption to treatment varies according to the underlying condition, with increased mortality rates after disasters in patients with cardiovascular disease and diabetes [9] . Increased exacerbations of cardiovascular disease, including worsening control of hypertension and myocardial infarctions, with an associated increase risk of death, were observed after hurricane events with associated flooding [10] . Patients with chronic respiratory diseases were noted to have an increase in acute exacerbations after natural disasters, owing to disruption in maintenance therapy, loss of power, particularly among oxygen-and nebulizer-dependent patients, and overcrowding [11] . Glycemic control, particularly in users of insulin, was found to have deteriorated in the year after flooding in a large examination of British diabetics [12] . Disruption of treatment, poor nutrition, and change in activity can lead to increased risk of ketoacidosis and death [10] .
Posttraumatic stress disorder (PTSD), anxiety and depression are potential mental health consequences for flood victims [13, 14] . In an assessment of patients with postflood PTSD, symptoms were still present more than a decade later in 19%, with long-standing PTSD predicted by losing relatives in the flood disaster, suffering bodily injury, having a low level of social support, and having a negative coping style [15] . In a controlled, interrupted time series analysis in the United Kingdom, an increase in prescription of antidepressants was observed in the year after flood onset, compared with the year before [16] . Stress in pregnant women affected by flood disasters has been linked to lower birth weights [17] and impaired social functioning in their children [18] , although long-term analyses are lacking.
HEALTHCARE INFRASTRUCTURE
Considerable loss of healthcare infrastructure can be associated with flood disasters, including evacuation of entire tertiary care hospitals [19] . Loss of paper-based medical records and inaccessibility of electronic medical records and laboratory information systems is common. A vast array of other hospital functions may be affected by water supply issues, including recovery of sterile processing for surgical equipment [20] . Emergency department presentations may increase markedly. As noted after the Hurricane Sandy flooding, significant increases in emergency department visits may be recorded for homelessness or inadequate shelter, especially among the elderly [21] .
INFECTION
The risk of infection after exposure to floodwaters captures considerable public attention and is a common cause of presentation for healthcare after floods.
Cutaneous Infection
Trauma is common in patients injured by fast-moving water, trying to escape floodwaters, or cleaning up after floods. Cellulitis and deeper skin infections are subsequently common. Cases of cellulitis have been shown to peak 3-4 days after a flooding event and remain above baseline levels for up to 3 weeks [22] . Any trauma can introduce pathogenic skin flora into wounds. Therefore, the typical bacterial causes of cellulitis and soft-tissue infections (Staphylococcus aureus and Streptococcus pyogenes) should be the first considerations when antibiotic therapy is indicated. However, a number of less commonly encountered water-dwelling organisms (notably Aeromonas species) may cause skin infections in patients exposed to floodwater [23] . Among 777 patients transferred to tertiary referral hospitals from regional centers after a disaster in December 2004, the most frequent medical problem was skin and soft-tissue infection, with Aeromonas spp. the most commonly identified organism (22.6% of cultured isolates) [23] . Aeromonas is a gram-negative bacillus and therefore is not covered by antibiotics usually used to treat the gram-positive staphylococci or streptococci.
Vibrio spp. may be associated with saltwater exposure in the context of storm surges. After Hurricane Katrina in 2005, 22 cases of Vibrio illness were identified, the majority of which were wound infections caused by Vibrio vulnificus or Vibrio parahaemolyticus, with 5 deaths reported [24] . The highly virulent species V. vulnificus poses a particular risk to individuals with comorbid conditions, such as chronic liver disease, immunosuppression, or iron-overload states, and those affected may present with severe sepsis, necrotizing infection, and characteristic hemorrhagic bullae. Other gram-negative bacteria that may be associated with soft-tissue infections after water exposure include Shewanella spp. (eg, Shewanella putrefaciens or Shewanella algae), Leclercia adecarboxylata, and Chromobacterium violaceum [25, 26] .
Infection of contaminated wounds by Clostridium tetani may occur in areas of low immunization coverage. After the 2004 tsunami, 106 cases of tetanus were reported in Aceh province in Indonesia, with a case fatality ratio of 18.9% [27] . Mass tetanus immunization programs after flood events are likely not to be a cost-effective public health intervention in developed countries.
In endemic tropical regions, such as Southeast Asia and northern Australia, exposure to soil or water containing Burkholderia pseudomallei can result in melioidosis. The incidence of B. pseudomallei increases after severe weather events and reflects the frequency and amount of rainfall and the extent of groundwater, as well as elevated ambient temperatures and humidity [28] . Melioidosis may present as fulminant sepsis with pneumonia, bacteremia, or visceral abscesses, particularly in persons with specific risk factors, such as diabetes mellitus, excessive alcohol consumption, or corticosteroid use [29] . However, melioidosis can present with more indolent cutaneous disease, after direct inoculation into wounds or skin abrasions [30] .
Mold infections are increasingly recognized after flood exposure [31] , and may be a challenge to diagnose. Fungi are often cultured from wounds after natural disasters, although their presence may reflect colonization rather than true infection. Adequate wound care, removal of foreign bodies and debridement of devitalized tissue may be sufficient, without the need for antifungal therapy. However, the Infectious Diseases Society of America guidelines for the management of cutaneous aspergillosis after traumatic injury recommend surgical debridement in addition to antifungal therapy and emphasize the importance of tissue biopsy to confirm a mycological diagnosis and visualize the presence of vascular invasion by hyphae within the dermis and subcutaneous tissue [32] . Although most soft-tissue infections after floodwater exposure will be bacterial, infections caused by fungal pathogens are well described, and infection may be polymicrobial [33] . Perhaps the most critical entity to recognize is mucormycosis, caused by zygomycete fungi such as Rhizopus, Mucor, and Rhizomucor [34] . Such infections may present as a rapidly progressive necrotizing fasciitis with high mortality rates if urgent surgical intervention and antifungal therapy is unavailable or delayed. Other fungal species that have been described to cause cutaneous infections after floods include Fusarium or Cladophialophora bantiana, although many additional species have been reported in this context [31, 26] . Noninfectious skin disorders, such as contact dermatitis, immersion foot syndromes, and exacerbation of existing skin conditions, are also common after floods [26] .
Nontuberculous mycobacteria may also cause infections after exposure to floodwater, particularly rapid growing Mycobacterium species such as M. fortuitum, M. chelonae, and M. abscessus [35] . These may present late and be hard to recognize if adequate specimens are not collected (eg, tissue specimens rather than routine bacterial swab specimens) or specific mycobacterial cultures are not requested.
Respiratory Infections
In reports from the United States and the United Kingdom, acute respiratory infection was the most common infectious disease requiring consultation after flooding [36] . Flulike and upper respiratory tract symptoms were also the most commonly reported symptoms in sheltered evacuees after hurricane Katrina, probably owing to a combination of viral pathogens and increased exposure to allergens in atopic individuals [37] . Disruption of housing and overcrowding can increase the risk of transmission of respiratory viral pathogens. Direct contact with floodwater, with immersion, near drowning, or aspiration, can lead to inoculation of the lower respiratory tract. Flood associated aspiration pneumonia is frequently polymicrobial and may be complicated by pulmonary necrosis, abscess formation, and empyema [38] . A chronic cough syndrome has been recognized after a number of natural disasters with associated major flooding, though the cause remains unclear [39] .
Gastrointestinal Disease
The risk of gastroenteritis after flooding is highest in areas with poor hygiene or an inadequate supply of clean drinking water, though outbreaks of diarrheal diseases are common even in resource-rich areas, particularly if the integrity of sewerage systems is compromised. Massive outbreaks of bacterial gastroenteritis after widespread flooding in Bangladesh, with Vibrio cholerae and enterotoxigenic Escherichia coli the most common pathogens isolated [40, 41] . Postflood cholera epidemics in Bangladesh had a median time of onset of 8 days after flood events [42] .
Increased cases of other enteric infections, including shigellosis and salmonellosis, have been reported in the setting of flooding. Flooding of residential domiciles was associated with increased risk of enteric fever [43] . Viral gastroenteritis outbreaks may occur in the setting of overcrowding and compromised hygiene practices. After Hurricane Katrina, outbreaks of gastroenteritis were reported in facilities habituated by evacuees and aid workers, with norovirus the predominant pathogen [44] . In an epidemic of diarrheal illness in the Solomon Islands precipitated by flash flooding, rotavirus was the most common pathogen identified. Improving vaccination programs coverage in susceptible areas to natural disasters may well be effective in decreasing the associated burden of disease [45] . Other viruses transmitted via the fecal-oral route by ingestion of contaminated food or water, such as hepatitis A and E, may have increased transmission after flooding, with outbreaks reported in the Sudan and India [46, 47] . An outbreak of diarrhea in Germany caused by Cryptosporidium occurred 6 weeks after flooding, in the setting of damage to the local sewerage system [48] .
Zoonoses and Vector-Borne Diseases
Leptospirosis, a spirochetal zoonosis causing an acute febrile illness, has increasingly been recognized as a pathogen associated with flooding and extreme weather events. Outbreaks of leptospirosis have been reported from diverse geographic locations in urban and rural settings, encompassing both the developed and developing world [49] . In some areas, flooding has been reported as the main risk factor for transmission [50] . In Mumbai, India, in 2005, massive rainfall of almost 1000 mm in 24 hours resulted in a significant outbreak, with >400 presumptive cases of leptospirosis diagnosed on the basis of screening serology within the next 3 months [51] .
Humans can acquire infection through direct contact with animal hosts (including rodents, domestic pets, and livestock), or through an environment contaminated by animal urine. In flooding, the increase in transmission is probably multifaceted, with closer contact between animal hosts and humans, direct contamination of floodwaters, and damage to water and sanitation networks. The burden of leptospirosis after severe flooding may be underrecognized, given that it can cause a nonspecific febrile illness that resembles many other infectious diseases and the potential lack of available testing facilities [52] . Because of the predictable increase in risk of developing disease, a role for antibiotic prophylaxis to prevent infection has been suggested. The benefit of using doxycycline in military personnel undergoing training in a leptospirosis-endemic area was reported in 1984, although no such benefit has been found in residents of endemic areas [53, 54] . A Cochrane review published in 2009 examined the broader question of the use of prophylaxis and found inadequate evidence to support its use [55] . No clinical trial data exist on the use of chemoprophylaxis after floods, although the use of modeling has suggested there may be benefit in a high-risk setting [56] .
In endemic areas, mosquito-borne diseases (eg, Japanese encephalitis or dengue fever) may occur at an increased rate after flood events [57] . Major flooding in northern Peru in early 2017 was associated with large outbreaks of dengue fever and chikungunya, with >19 000 suspected cases of dengue reported [58] . Vector control programs at high-risk transmission sites have been effective in preventing increased cases of dengue and malaria after flooding [59] .
PUBLIC HEALTH RESPONSE AND PREVENTION OF FLOOD DISASTERS
It is intuitive that the immediate public health response to flood disasters is provision of shelter, water, nutrition, sanitation, and hygiene. Public health preparedness is an essential element in preventing morbidity and mortality associated with flood disasters. Key elements are listed in Table 2 . Data analysis of the Hurricane Sandy flooding in New York City suggests that preparedness was associated with lower-than-expected rates of food-and waterborne disease [60] . Recently released comprehensive guidelines on outbreak response, which would include those suspected after a natural disaster, have been released by the Society for Healthcare Epidemiology of America and provide an excellent framework to implement an appropriate and coordinated response [61] .
Sophisticated "data aggregation" analyses can identify communities at greatest risk from flood disasters and can be used to plan cost-efficient preparedness strategies [62] . Social media data have been analyzed to provide early warning of flood disasters even before their advent [63] .
Prevention of flood disasters rest on flood mitigation schemes and planned removal of populations from flood-prone areas. In developed countries, the process of "managed retreat, " whereby properties at risk of flooding are purchased by government authorities has long been practiced. Since 1993, when the United States Congress authorized the Federal Emergency Management Agency to purchase vulnerable properties, 38 500 properties in 44 states have been resumed [64] . The health and social impact of moving persons and infrastructure out of "harm's way" has not yet been measured.
CONCLUSION
Floods are the most frequent natural disaster and can have widespread social and health impacts. These effects can be acute but may present only weeks to months after the flood. Each flood disaster represents an opportunity for preparedness and preventive measures to improve. More rigorous methods of studying these measures are needed to more effectively reduce mortality and morbidity from flood disasters. 
